Sugarcane is the major industrial crop grown in tropical and sub-tropical regions in China. More than 100 sugarcane diseases are identified around the globe; half have been reported in China. Many varieties of sugarcane were replaced due to the infection of new pathogenic disease. Recently, leaf scald was found in China, which is one of the major sugarcane diseases also seriously affecting growth of sugarcane. Several isolates were recovered and identified using ELISA and PCR assays from the symptomatic leaf samples in Guangxi, China. The genomes of our isolates from X. albilineans were re-sequenced and revealed that rpf gene encoded regulation of pathogenicity factors mainly involved in the pathogenesis of sugarcane. The disease is mainly transferred through seed cane. In the past, hot water treatment was used to manage the disease. Healthy seed cane from resistant cultivars could effectively manage the leaf scald disease in sugarcane.
Introduction
Sugarcane (Saccharum spp.) is an industrially important crop of tropical and sub-tropical regions cultivated mainly for production of sucrose, biofuel, and ethanol [1] . China is one of the third largest sugarcane (Saccharum officinarum L.)-producing countries, followed by Brazil and India [2] . In the 1980s, Fujian and Guangdong were the two major sugarcane-producing provinces in China. Due to social, economic and environmental factors, major sugarcane-producing areas were moved to Guangxi and Yunnan provinces which accounts for 64 and 24% of total sugarcane-growing regions during 2015/2016. Since then, approximately 60% of the total cane yield is produced in Guangxi [2] . Sugarcane is the host of many serious plant pathogens that can mainly affect cane production and yield. In sugarcane, more than 100 pathogens have been reported to cause disease, Including fungi, bacteria, phytoplasma, and virus [3] . Several of these diseases are considered to be the most severe threat to sugarcane production in Guangxi, especially leaf scald disease. Sugarcane leaf scald was first reported in the 1980s in Taiwan, China [4, 5] , and recently found in 2015 in Guangxi, China. The pathogen from the recovered isolates was identified to be Xanthomonas albilineans.
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.2 Chronic phase
The chronic phase is characterized by "white pencil line" stripe 1-2 mm wide and patches of chlorotic tissue on leaves, side shooting and burning of leaf tips. At a later stage, the margins' stripe may become diffuse, and a red pencil line may be formed in the middle of the stripe. In dry weather, the leaf stripes dry out from the leaf apex to the margin, and finally the entire leaf become wilt. Infected plants exhibit shorter internodes, and the node of the stalk produces small tillerings, and a leaf of the tillerings shows white streaks. The disease-infected sections of stalks show reddening, and discolored vessels can pass through the internodes. Necrotic lessons may be noticed in severely affected stalks of plants (Figure 2 ).
Acute phase
In the acute phase of the disease, plant dies without showing any major symptoms. The infected stalks section does not show reddening of the vessels and tillerings joined into main stalk (Figure 3 ). It occurs mainly in drought condition of sugarcane growing period. In physiological water shortage condition, the leaves show the chronic streaks on re-tillering of diseased stalks [9] .
Field assessment
LSD symptoms were recorded every month in the field. Disease severity was rated according to the procedure described [11] . However, all inoculated sugarcane stalks were rated individually, symptom severity ranging from 0 to 5. The ratings were used to calculate mean disease severity (DS): DS = [(1 × FL + 2 × ML + 3 × CB + 4 × N + 5 × D)/5 × T] 100. However, FL = number of stalks with one or two pencil-line streaks (rating 1), ML = number of stalks with more than two pencil-line streaks (rating 2), 
Phylogenetic
The multilocus sequence analysis (MLSA) of 119 strains of Xanthomonas genus is distributed into two uneven groups, with group 2 containing all but five species, namely, X. albilineans, X. theicola, X. sacchari, X. translucens, and X. hyacinthi, which were clustered into group 1 [12] .
Three serovars associated with antigenic variations within X. albilineans were detected using three antisera (polyclonal antibodies) method against strains from three different geographical locations [13] . Serovars of 215 strains from 28 locations worldwide are affected by sugarcane leaf scald disease, and the distributed strains are divided into three groups according to serotype: (i) serotype 1 is the largest group, with strains from various geographic locations; (ii) serotype 2 consists of strains from tropical African countries; and (iii) serotype 3 contains strains from Caribbean islands (Fiji and Sri Lanka). This serological characterization of X. albilineans strains has been confirmed with monoclonal antibodies of 38 strains from different worldwide locations [14].
Pathogenesis
The pathogen is limited mainly to the leaf and stalk vascular bundles that are often partly or completely blocked with a gum-like substance. The organism may invade the parenchyma cells between the vascular bundles and cause reddened pockets of gum. No symptom of sugarcane plants can therefore constitute inoculum Emerging Bacterial Disease (Leaf Scald) of Sugarcane in China: Pathogenesis, Diagnosis… DOI: http://dx.doi.org/10.5772/intechopen.88333 sources for crop contamination. In addition, various epidemiological factors play a major role in field contamination. Leaf scald is spread by harvesters, hand knives, and infected setts by planting [9] . The pathogen found in the rhizosphere of infected roots has more possible transmission by root contact [15] . Leaf scald disease can also affect many other grasses which are alternate hosts for the disease. High moisture and temperature are the most favorable condition for the disease transmission.
Genes and diseases
The genome sequence of X. albilineans shows that the genes are effectively involved in pathogenesis. These genes include a cluster of genes called regulation of pathogenicity factors (rpf) responsible for the biosynthesis of a small diffusible signaling molecule. Diffusible signaling factor (DSF) encoded by RpfF has more similarities to long-chain fatty acyl CoA ligases [16, 17] . DSF quorum sensing and disruption of gene rpfF resulted in reduced virulence in different xanthomonads (Xanthomonas spp.), such as X. axonopodis pv. citri, X. campestris pv. campestris, and X. oryzae pv. oryzae [17, 18] . The rpf genes only control production of biofilm and other mechanisms involved in surface attachment of X. albilineans. A core group of genes, including rpfF, rpfC and rpf G, has played broader roles in gene regulation other than the transduction of DSF signals in X. axonopodis spp. [19] . The pathogen of leaf scald disease, X. albilineans, lacks type III secretion system (T3SS), which is found in most of pathogenic xanthomonads and acts as pathogenicity effectors in plant cells. X. albilineans also lacks all genes involved in the formation of biofilm, an important factor in virulence of plant pathogenic bacteria.
TonB-dependent transporters (TBDTs) are the important transporters involved in nutrient uptake [20] and also involved in iron or vitamin B12 uptake. These transporters are to facilitate the uptake of carbohydrates present in low amounts on the leaf surfaces [21, 22] . Genomes of several species of Xanthomonas are known to have high representation of TBDT genes, and it is functionally associated with pathogenicity of the bacterium [23].
During phyllosphere colonization, Xanthomonas encounters nutrient-limited environment on the leaf surfaces. Due to these conditions, TBDT has transported sucrose available in the phyllosphere [24] . Similarly, the genome of X. albilineans has 35 putative TBDT genes, and it is involved in the transport of plant cell wall derived nutrients like maltose, xylan, pectin, etc. [24-26].
Albicidin production and pathogenicity
Albicidin is a major phytotoxic compound specifically synthesized by the Gramnegative bacteria X. albilineans and plays an important role in pathogenicity [27] . It causes leaf scald in sugarcane [28] . The molecular target of albicidin is DNA gyrase (topoisomerase II) which is essential for DNA replication in bacteria. In planta, albicidin acts as a potent DNA gyrase inhibitor, thus blocking plastid development [29] . Albicidin (Figure 4 ) also has potent antibacterial activity which inhibits the growth of several positive and negative bacteria at nanomolar range with low minimal inhibitory concentration (MIC), e.g., Escherichia coli (0.063 μg mL −1 ) [30], Salmonella enteritidis (0.5 μg mL −1 ), and Staphylococcus aureus (4.0 μg mL −1 ) [31]. Albicidin gives greater advantage to X. albilineans against other bacteria within the xylem vessels of sugarcane.
However, the entire 49-kb albicidin biosynthesis gene cluster was cloned and sequenced from X. albilineans (Xa23R1) [28] . This cluster is included in a genomic region of XALB1, and it contains three polyketide synthase (PKS) and non-ribosomal peptide synthase (NRPS) genes, as well as several putative modifying resistance and regulatory genes. Two additional 3-kb genomic regions of X. albilineans strain Xa23R1, namely, XALB2 and XALB3, were found to be involved in albicidin production. XALB2 has a single gene coding for a phosphopantetheinyl transferase required for posttranslational activation of PKS or NRPS enzymes [32] . XALB3 has a single gene coding for protein (HtpG) in albicidin production, which has not been elucidated [33] .
Disease cycle
Xanthomonas albilineans can spread from inoculum sources to contaminated field of sugarcane and affect healthy sugarcane under the impact of various climatic conditions (Figure 5) [34] . The pathogen then colonizes the surface of the leaf, enters through the stomata, and progresses within the xylem, and symptoms may appear in infected plants. Pathogen can move into the stalk and then infect the stool showing scalding from the leaves [35] . The pathogen can be transmitted mechanically by harvesting equipment (harvesters) and the infected cane setts.
Diagnosis

Immunoassay
Various diagnostic methods are employed for detection of X. albilineans, including isolation on selective media and biochemical, immunological, and Emerging Bacterial Disease (Leaf Scald) of Sugarcane in China: Pathogenesis, Diagnosis… DOI: http://dx.doi.org/10.5772/intechopen.88333 molecular assays. ELISA was the most sensitive method and resulted in the detection of bacteria at the low titer [36] . Although isolation of X. albilineans with selective media is more time-consuming than other methods, it has proven to be very efficient in detecting the pathogen in symptomless and diseased plants [37] . DAC-ELISA and dot blot techniques were standardized to detect the bacterium in infected canes [38] .
Molecular method
Polymerase chain reaction (PCR) protocols have been developed to detect X. albilineans in diseased stalks. The primer sets Ala4/L1 [39] and PGBL1/PGBL2 [40] were designed based on ITS region between the 16S and 23S rRNA genes of X. albilineans. PCR-based detection was further improved by X. albilineans specific amplification of the region between the 16S rRNA-tRNAaIa -tRNAiIe -23S rRNA gene by a nested PCR reaction [41] . Loop-mediated isothermal amplification (LAMP) was also employed for the detection of X. albilineans [42, 43] . It is an auto-cycling strand displacement DNA synthesis technique that involves the use of large fragment of DNA polymerase and a set of six primers [44] , and it enables the synthesis of larger amounts of both DNA and by-products, e.g., hydroxy naphthol blue (HNB) [45, 46] . Quantitative PCR (qPCR) is a highly effective and accurate method for the detection of leaf scald disease [47] .
Management strategy 4.1 Hot water treatment
Most of sugarcane diseases can be controlled through the use of disease-free seed cane. Hot-water treatments are used to disinfect planting material (seed cane). Before planting, soaking in ambient-temperature running water for 40 h followed by 3-4 h at 50°C is used to manage leaf scald bacteria, and it can provide 95% control efficacy [10].
Molecular approach
This approach is mainly developed to target factors that are responsible for pathogenicity other than toxins. The molecular modification in the host provides them resistance to pathogenicity factors and the factor inactivates by binding of hormones and enzymes. However, foreign genes' inactivation was carried out by gene silencing, nucleases, and coating proteins [48, 49] . The production of host cell surface components interferes with identification of the host and attachment to host cells by the pathogen.
CRISPR-Cas systems are involved in phage and plasmid defense, thus limiting HGT. The genome sequence of X. albilineans strain (GPE PC73) unveils the presence of two different systems named CRISPR-1 and CRISPR-2 [50] . The CRISPR-2 is associated with six cas genes (cas1, cas3, csy1, csy2, csy3, and csy4) and contains 28-bp repeats. CRISPR-2 is shared by the four strains (GPEPC73 and Xa23R1 from X. albilineans, GPE 39 and MUS 060 from X. pseudalbilineans) [50, 51] . Although, CRISPR-2 nucleic acid sequences of the repeats are 100% identical among the four strains, thus confirming the common origin of this locus [52] .
Different resistant mechanisms on albicidin have been reported, including the nucleoside transporter Tsx, for which mutations have been described to import albicidin, or the endopeptidase AlbD from Pantoea dispersa [55] , which cleaves albicidin into two inactive fragments [56] . Another strategy is drug binding that counteracts the antibacterial effect of albicidin tetracycline-binding protein (TetR family) [57] or thiostrepton-binding protein (MerR family) [58] . The albicidin-binding protein AlbA from Klebsiella oxytoca [59] and AlbB from Alcaligenes denitrificans [60] provide protective effects for survival of the host strains. However, far-ultraviolet (UV) spectroscopy has indicated a mostly α-helical structure for AlbA [61] , and amino acid residue His125 has played a vital role in albicidin binding [61, 62] .
Genetic approach
The most potent method to prevent or manage leaf scald disease is the development and planting of resistant cultivars [3] . However, accurate determination of the resistant level of genotype against X. albilineans is most important in the cultivar selection program for leaf scald by artificial inoculation tests. The erratic symptom expression failed to accurately detect susceptibility, and thus multiple field trials utilizing inoculation are needed. Under this scenario, the marker-assisted selection (MAS) breeding technique, which uses DNA marker(s) linked to useful trait(s), has greater advantage in selecting clones resistant to leaf scald disease [63] . The transgenic sugarcane plants against Xanthomonas albilineans were produced by mediating albicidin detoxification (albD) gene through microprojectile bombardment [64] .
Alternative control
Chemotherapy method
Spray of antibiotics such as streptomycin + tetracycline (60 g/ha/500 l water) at 2-week intervals was found to efficiently manage the pathogen in the field at 2 months after planting [65] . In preliminary stage, spraying of these antibiotics reduces the severity of leaf scald.
Biocontrol method
G. diazotrophicus may play a major role in defense against pathogens of sugarcane. It inhibited in vitro growth of leaf scald pathogen Xanthomonas albilineans [66, 67] . In addition, G. diazotrophicus-inoculated sugarcane stems were resistant to infection by X. albilineans [68] . Lactic acid bacteria (LAB) may be a biological alternative approach for leaf scald disease in sugarcane, and it produces antimicrobial peptides called bacteriocins and other substances, such as hydrogen peroxide, lactic acid, and reuterin, which are effective against several Gram-positive and Gram-negative bacteria. Antimicrobial peptides are alternatives for conventional pesticides and antibiotics, which are also used to treat against X. albilineans [69] .
Farmer service program
Since 2000, healthy seed cane program has been developed by a government agency to protect the sugarcane diseases in China, further following recommendation to control or manage leaf scald disease.
1. The Pest and Disease Department plays a vital role by ensuring to provide disease-free parent seed material.
2. The government agency should arrange training program for farmers and take care of harvesting, transportation, and processing. 3. The crop agronomist should employ to cover aspects of growing the crop, such as soils, fertilizer, and herbicides and also to monitor the performance of new varieties.
The Inspection
Department for all growers' fields should ensure that disease levels are acceptable and that remedial action is implemented where required. The monitoring of fields for pest damage is also important.
5. The efforts should be made to enhance awareness among the sugarcane farmers and strict vigilance by the quality control and regulatory authorities.
Conclusion
The leaf scald disease is becoming one of the serious threats to sugar industries in China. The infected plants should be removed completely to eliminate the seed cane carrying this disease in the field. Healthy seed cane was used from pathogenfree tissue culture plantlets (PTC). Better fertilization and irrigation practices may reduce the occurrence of this disease. A strict phytosanitary measure is needed to manage exchange of materials of sugarcane (seed cane) and propagation of disease. 
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